Abstract: Homodyne measurement of mean photon number within an optical sideband is performed and discussed. Comparison with single photon detector data illustrates the versatility of the technique and supports a Quantum Mechanical description of vacuum noise. The measurement of the intensity at an arbitrary optical frequency is of fundamental experimental importance, and a number of techniques have evolved depending upon the expected photon flux and wavelength to be measured. Here we have considered and experimentally verified the use of continuous variable homodyne detection techniques to probe the mean photon number at a specific frequency offset ω from an optical carrier.
The measurement of the intensity at an arbitrary optical frequency is of fundamental experimental importance, and a number of techniques have evolved depending upon the expected photon flux and wavelength to be measured. Here we have considered and experimentally verified the use of continuous variable homodyne detection techniques to probe the mean photon number at a specific frequency offset ω from an optical carrier.
It may be shown that the mean number of photonsn 2 (ω) contained in two symmetrically offset optical sidebands is described by [ 
The spectral variances V ± (ω) describe the number of photons in both the upper and lower sidebands as well as the correlations between them in accordance with [2] 
where δÃ(ω) † and δÃ(ω) represent the creation and annihilation operators for the quantum fluctuation terms at frequency ω respectively. Experimentally, values for V ± (ω) are given by measurement of the canonical quadrature operators |X ± (ω)| 2 . In the case of a single optical sideband,
Experimental verification was performed at 1550 nm via simultaneous homodyne and single photon detector module (SPDM) measurements of a single sideband weak coherent state. The intensity of the state was varied over five orders of magnitude and signal/noise statistics collected for each of the two measurement schemes. Accounting for experimental constants, the inferred flux measurements are illustrated as follows: The error bars as shown are placed one standard deviation from the mean, predominantly the result of technical noise contributions. An absence of SPDM dark counts in the presence of homodyne quadrature fluctuations were also observed, suggesting that the optical vacuum is better described by a quantum mechanical model over a stochastic electrodynamics model. Subsequent linear regression analysis of values for the relationship between incident and inferred photon flux for both models also indicates a superior fit in the quantum mechanical noise model case.
In addition to offering frequency, polarisation and spatial mode discrimination, the proposed homodyne scheme is shown to afford a greater dynamic range and a substantial measurement speed improvement over SPDM photon counting techniques.
